Purpose:The purpose of the research is to explore a practical method of measuring the implementation of lean in a process. The method will be based on examining the abilities of a group. At this scale the ability to work standardized and solve problems is important. These two abilities are dependent of each other and are fundamental for the group's ability to create a stable result. In this context the method of standardized work (SW) is define to be the methods used in a process to generate stable results. Problem solving (PS) is defined as the methods used to return a process to a condition where SW is possible. Methodology / approach: The research is conducted in a multiple case study in four large global manufacturing companies. The order of the data collection is: Firstly, interviews with the individuals that are centrally responsible for overall implementation of lean in the organization. Secondly, observe the implementation of SW and PS at the group level. In total 7 groups have been studied and 19 respondents interviewed. Findings: Results show that the central definition of the methods for standardized work does not by itself have a direct impact on success of implementation of SW at group level. The method of SW where similar on a general level in the different cases, but with varying levels of implementation at group level was applied. Results also show that key factors for a successful implementation of standardized work on group level are: Ownership of the process, Direct connection to result of process, Correct workload and Leader demand. Methods of PS at group level where dissimilar despite a superficially similar approach. The evaluation method used was successful in providing comparable results between the cases. Research limitations: A limitation of this research is within the scale of the measurement, as it only examines the group level. The research is further limited to four companies and seven groups. Originality/value of paper: This paper aims to fill a gap in the established measurement methods of lean, as it examines the abilities of SW and PS at the group level of a process. These abilities are often referred to as essential in lean theory. However, there has been little scholarly work in defining the methods of SW and PS or the key factors affecting the methods at an operational level.
Introduction
Lean production has spread across the world the last few decades. Various organizations have tried to implement the tools and systems over the years, with mixed results (Emiliani and Stec, 2005) . The definition of lean as a concept is not always clear, however. In his review of contemporary literature on lean, Pettersen (2009) 
concludes that:
"There is no agreed upon definition of lean that could be found in the reviewed literature and the formulation of the overall purpose of the concept are divergent. Discomforting as this may seem for lean proponents, there seems to be quite good agreement on the characteristics that define the concept, leading to the conclusion that the concept (lean) is defined in operational terms alone".
The methods used to measure the application of lean are equally diverse. However, there are several indicators and methods being proposed. A common approach are ways of measuring value flow and waste as popularized by the book "Learning to see" by Rother (1999) . Another way of evaluating is to measure the application of lean methods. This can be done with, for example, an assessment system following a graded checklist were the application of different methods are assumed to lead to a more efficient process (Bhasin, 2011) .
One commonly used assessment model is developed by Karlsson and Åhlström (1996) ; the researchers operationalize principles of lean production by identifying nine variables of lean implementation. These variables are of importance as they give a review of the progress in introducing lean production from both a Managers and a Strategy perspective. In this they assume an implicit connection between lean production and enhanced performance (Karlsson, 1996) . In the challenge of measuring lean, there are also methods that consider more holistic perspectives, such as Dynamic multi Dimensional Performance (Bhasin, 2008) , while the method derived from the research work by Karlsson and Åhlström (1996) can be used either with a systems perspective or with a top down approach.
With the purpose of complementing previous research, current study aims to evaluate a method that also is able on an operational level. The method is tested through case studies to ensure that the results are comparable and can be analyzed to find patterns and key factors.
The idea of a method for evaluation on an operational level is based on the actual application of fundamental methods of lean. Common for most lean implementation is the attempt to continuously improve (Monden, 2012; Wilson, 2010) . In order to successfully do so, there has to be a stable situation from which to improve. Using the words by Jeffrey Liker, "One must standardize, and thus stabilize the process, before continuous improvements can be made" (Liker, 2004) . In line with Liker, Rother (2010) put forward that , "If a process is not stable, you will need to address this before trying to make other improvements, because without a stable process, further improvements will not stick" (Rother, 2010) .
Based on above reasoning, one of the most common methods used to achieve stability in a process is in this current study referred to as Standardized Work (SW), see for example Liker and Meier (2007) . The main method used to respond to process variation is here referred to as Problem Solving (PS) The connection between the two methods is explored in the book The evolution of a manufacturing system at Toyota (Fujimoto, 1999) , where the ability to solve problems at all levels is connected to the ability to create and follow standardized operating procedures.
Hence, as a mean to further explore lean evaluation methods on operational level, the research questions explored in this paper are: 1. How can methods of PS and SW be applied to measure lean in a process? 2. What key factors have impact on the success of the application of SW and PS in a lean process?
2 Theoretical framework SW and PS have to be defined in operational terms. Therefore three different perspectives are examined in describing how a group operates. The individuals contribution to the results of a process is fundamental (Liker and Meier, 2007) . Developing the skill and commitment of individuals and at the same time promoting group work and effectiveness are keys to success. According to Liker, "Excellent individual performers are required to make up teams that excel" (Liker, 2004) . In line with Liker, but with other words, Taichi Ohno uses the analogy of a boat rowed by eight men to explain the connection between individual effort and group performance (Ohno, 2013) . Equally emphasized is the role of a proper leadership in lean, see Liker (2004) . Developing people and groups is one of the leaders primary tasks (Liker and Hoseus, 2008) . Therefore, a leadership perspective is added to the perspectives of the individual and the organization. Hence, three perspectives are considered.
n The Individual within the group. The methods and conditions necessary for an individual to perform well within a group. A further factor that has to be considered together with the three perspectives above, is the connection between the methods of SW and PS. The following model is proposed, see Figure 1 .
The purpose of SW is to provide a collection of methods to assure safety and reliability of a process. The term Standardized Work can be misleading when mixed-up with the term Standard. Standard is here defined as a specific method within SW.
PS is in the current study defined as the methods used to return a process to a condition were SW is possible if there is a problem or the process is unstable (Liker and Hoseus, 2008) .
Research methodology
The following chapter describes the how the case study protocol is designed, as well as contextual considerations. Before the main study, a pilot study was conducted in order to verify the case study protocol.
Design of the case study protocol
A particular problem when designing the protocol is how to handle lean "jargon". The case study protocol is therefore based on the purpose of SW and PS. This provides general questions applicable in any process working with lean. The definition of the purpose and the subsequent formulation of the questions used in the case study protocol, are derived from first author's 11 years of experience in the application of lean as well as from theory.
The questions are then grouped accordingly: 1. Methods that are directly connected to how the Individual within the group performs a certain task in SW or PS.
2. Methods that are connected to how SW and PS is Organized within the group. 3. Methods that are connected to group Leadership.
Although there is a number of papers and books describing SW and PS on a theoretical level, very little scholarly work capture the details of the methods. This is a problem addressed by Olivella et al. (2007) , " LP [Lean production] theory has mostly been spread by the publication of Monden (1983) , Ohno (1988) and Womack et al. (1990) , whereas LP practices have been diffused by former Toyota engineers." (Olivella et al., 2007) .
The questions are further divided into aspects, to ensure that the answers are possible to compare between cases. Aspects are defined to be specific parts of the methods for SW and PS. In the case study protocol these aspects are based on experience of the first authors in the application of SW and PS as well as existing audit protocols. This gives the cases a common reference to ensure comparability. These aspects are intended to be answered with Yes, No or Not Applicable ("-") if the aspect was irrelevant in that particular case, see Table 1 .
Contextual considerations
The main focus of the study is on the application of the structure for standardized work and problem solving methods at group level, as it is defined by the lean support function, see Figure 2 .
Application is defined as: The method that is used by the group for SW and PS.
Use is defined as: The usage of the information described in the method.
The study used to verify the measurement method is based on four large Swedish companies. The cases are anonymised for the confidentiality of the participating companies and people, as suggested by (Yin, 2009 ), and will be The study is a multiple case study, as defined by Yin (2009) , with a mixed methods approach inspired by Creswell (2009) . Moreover, as suggested by Yin (2009) , the underlying methods of SW and PS were organized in a case study protocol to ensure reliability and to provide a quantitative approach. Data was collected using observation of the application of SW and PS on the group level. The case study protocol was also used for semi structured interviews, see Bryman (2008) , in which the people working in the process are asked to exemplify how the application of SW and PS worked within their context. The answers given were written as a comment directly linked with the aspect.
In all cases in the process, every person that was interviewed in the groups was asked to exemplify and show real cases of the application of SW and PS within their process to ensure the validity of the answers. All standards and problem solving methods observed were real standards used in production and real problems that had been solved by the groups. The examples are evaluated based on first author's experience of the topic. This, in accordance with Yin (2009) , is a skill required by a case study investigator in which the investigator not only records the answers but also interprets them.
Using a case approach as suggested by Yin (2009) , the cases are selected as a means to give variation of factors of production with two process companies and two manufacturing companies with significantly different products. None of the companies are in direct competition. The cases are similar as they are proficient in lean with 3-20 years of experience. Furthermore, the cases are large enough so that they have a need of a central lean office, which is a support function with the purpose of developing methods and competence in lean for the organization.
Pilot study
A pilot study was conducted to verify the questions, scale, method and structure of the case study protocol (Yin, 2009) The pilot study was conducted in stages using two separate, but sequentially connected, groups in Case C. These groups are not connected to the ones used in the main study (see group C1 and C2 below).
Cases
Case A is part of a large international Business to Business company specialized in material processing. Two groups working in different independent processes were studied at case A and will henceforth be referred to as group A1 and A2. The following people were interviewed: A manager in the central lean office, one second level manager, three first level managers and three operators.
Case B is part of a large group of companies controlled by a central headquarter. Case B is a Business to Business food processing facility. The products are mainly sold to stores or other companies in Sweden. Two groups working in parallel processes were studied at Case B and will henceforth be referred to as group B1 and B2. The following people were interviewed: A manager of the lean office of the plant, one first line manager and two group leaders.
Case C is an international Business to Business and Business to Consumers manufacturing company. Two groups working in different non connected processes were studied at case C and will henceforth be referred to as Group C1 and C2. The following people were interviewed: A manager of the central lean office, one first line manager, two group leaders and one technician.
Case D is a heavy equipment manufacturing company. The products are sold Business to Business and Business to Consumers. One group was studied at Case D and it will henceforth be referred to as Group D1. The following people were interviewed: A manager of the lean office of the plant and one first level manager.
In all cases a manager for the central lean office was interviewed first to record a definition of the lean system of the company. This was used to understand the application of the lean system in the groups. Even if the people involved in the case studies do not have equal positions in the different cases, all respondents seem to be familiar with the application of SW and PS in their own groups. Hence, the cases seem to be comparable even though the answers came from different sources within each company.
Findings from the empirical investigation
Findings from the empirical investigation are summarized, see Table 1 . The table shows all case study protocols; the protocol is specified in the three columns to the left.
Different levels of standardization
SW I 1 and SW I 2 have been found to have different levels when comparing the cases, see Table 2 . Multiple second level documents were typically connected to one first level document detailing every step of the work sequence. The process industries (Case A and B) have only one level of standardized work with essentially only "What" and "How" descriptions. Only one group (Group A1) has some description of "Why" and the description was not welldefined. The manufacturing companies (Case C and D) both have two levels of SW.
The SW within the process industries were machine centric and connected to the places on the equipment on which the tasks where to be performed. The SW of the man- 
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Ownership
In the manufacturing industries the indicated sense of ownership of the SW by the groups is more evident than within the process industries. This is indicated by the fact that the "Why" description in (SW I 2) is more important and elaborated in the manufacturing industries; this is also confirmed in the discussions and interviews of the people in the processes.
The reference system
The reference system connects the demand of the customer to the performance of the group. The reference system of case A is not important for the group. If the equipment followed an intended pattern, it is found to be tolerable. In Case B, customer demand is not translated into a reference for the group. In Case B the end product was consumed in patterns over the year with seasonal high and low demands. Case C and D both have long lead times to the end customer but still translate the leveled demand of the customers into references available in real time.
Response time
As noted in SW O 4 the response when calling for support, was usually fast. The notable exception is Case A; the response time shows variation from a few minutes to a full working day. For Case C and D the sense of urgency is linked with higher workload and a real time reference (SW I 4) resulting in a quick response when a deviation occurred.
Training, support and frequency for follow-up
The inclination to use SW for training of employees and frequency for follow-up is more evident in Case C and D compared to Case A and B, were SW more seldom is used as a reference. The frequency for follow-up is seen as something important as it gives the organization the correct incentives and reinforced the importance of SW. The differences in application seem to be mainly divided between the manufacturing companies and the process companies. Apart from the differences noted above, there are large similarities in how the cases have defines and applied standardized work. What is interesting here is that it seems to be independent of processes, preconditions, market demands and products.
Problem Solving
The pattern of difference between manufacturing and process companies does not follow through to PS. All cases, except Case A2, used different forms of Five why and Ishikawa diagrams as part of their problem solving methods but they used the methods in different ways. This is also true comparing groups within the same company. The exception (Case A2) stated that they did not use any method for problem solving. This is despite the fact that there are well defined methods within that company. Case B2 and Case D1 show the best structured and most supported methods. Both groups assigned time for problem solving on group level in a structured way.
However, none of the cases followed-up the amount of resources used during the problem solving activities and no conclusions were drawn regarding that. All groups allocated resources for PS except in Case A2 and C1 as indicated by PS I 1. No groups followed up the actual amount of resources used for the PS as indicated by PS L 4 and the understanding of problem solving methods seems to be different among the lean support functions in the four cases.
Analysis of the findings
Lean theory is clear on the importance of SW and the need to create stability in the process as a foundation for Continuous Improvement. Despite that most theory is vague in the specifics of how to operationalize SW, there was a remarkable consensus between the central lean support functions regarding general methods and definitions of SW in the different cases.
There is a notable difference in the level of detail in the work descriptions between the process industries and the manufacturing industries. This can be attributed to the fact that the quality of the result was directly linked with the manual labour being performed in the manufacturing industries whereas the SW of the process industries is more aimed at the needs of the process equipment and thus only had an indirect connection to the result of the process.
Lean theory is also clear on the importance of PS although there is a variation within the terminology used in the literature. In some theory, the emphasis is put on the endeavor to continuously improve the process. Other literature distinguishes between the effort to stabilize a process from the effort to improve and generate a new process. The theory is vague regarding the specific methods for PS regardless of the emphasis. The connection between PS and generating new SW is clear for all groups. The connection between not being able to follow SW, and thus having a problem, and PS methods are not evident in Cases A and B.
It was more evident in Case C and D. Finally, referring to ownership, PS in Case A and B are often managed by handing over the problem to a support function and by that also handing over the ownership of the problem. Case C and D indicated more of a sense of ownership and responsibility of the problem. What is interesting in these cases is that this sense of ownership remained even after asking for support.
Results
Referring back to the research questions, the following chapter provides the results from the research study.
Key factors
Even though each central lean support function spends considerable effort defining SW, the application of SW differed at the group level. Thus it can be concluded that a detailed definition of the methods for SW in itself was not enough to guarantee success in the application of SW at the group level.
Four key factors have been found to affect the application of SW on group level. 1. Ownership of the process 2. Leader demand 3. Correct workload 4. Proximity to the results of the process According to observations and confirmation by direct questions, in Case A and B the responsibility for creating SW is mainly assigned to a support function. In Case C and D the sense of ownership for the SW is within the group. Ownership of the content of SW is assumed by the group and the details of "how" and "why" is more evident in the observed examples. Thus, it can be concluded that a group that assumes ownership of the method will be more successful in the application of SW than a group were the responsibility for the SW is delegated to a supporting function. This is also in line with contemporary lean theory, see (Liker, 2004) . Frequency of following-up by process leaders on the details of SW can also be seen as contributing to a higher incentive in case C and D compared to case A and B. This is also in line with lean theory, see (Liker and Hoseus, 2008, Fujimoto, 1999) .
The Workload per position is higher in Case C and D compared to Case A and B, making it important in Case C and D to specify a detailed description of SW, giving a higher sense of ownership. The Proximity to the process result seems to be more important for individuals working in Case C and D as they directly create the result of the process compared to Case A and B. Neither workload nor proximity to results are found as key factors when reviewing previous research.
With regards to PS the key factors are more difficult to distinguish. Based on Group B2, a structured method is in place and the leader of that group could provide evident examples of successful application of a PS method. The important factors in B2 are: Dedicated resources for the PS, Deep training in the method of PS and Leader support. This is supported by the discussions within Group C2 and D1, however, further case studies are needed to verify this.
Method of evaluation of SW and PS on group level
The purpose of the method of evaluation of SW and PS at group level is to operationalize a method with which one would be able to reliably compare different processes. Formulating the questions of the case study protocol based on the purpose of the methods for SW and PS proved to be fruitful. Even though the cases are different, both in process and purpose, the common denominator is to understand how work is performed by individuals and how the work is organized and managed. The key factors determining the success of implementation of SW and PS on group level are not directly exposed through the questions of each case study protocol, but are revealed through the comparison between the cases and through the answers from respondents in the interviews. Key factors proposed in current paper will have to be further verified in future studies however.
The inclusion of aspects to further detail the questions was successful as it gave a fine-tuned resolution of the case studies. The aspects ensured that the same details were observed in all cases and these acted as the lowest common denominators in the case study protocols. Thus it can be concluded that the proposed method might be used as a complement to the methods proposed by Rother (1999) , Karlsson and Åhlström (1996) and Bhasin (2011) as it provides an operational perspective on a process.
Future research
Current exploratory multiple case study aims to examine what defines SW and PS methods and how it is applied on the group level of companies. However, the results and findings so far are one dimensional only. The case study protocol will have to be further revised and expanded to give a more multidimensional view of the application of SW and PS within a process.
In order to do so, the following matrix is proposed where the "What" column is covered in current paper and future research suggests studies covering "How" and "Why", see Table 3 . Observing how the defined methods for SW and PS for individuals are used in the active process.
Understanding the underlying attitudes of the individuals using SW and PS in a process.
Organizational
Defining methods for SW and PS used for organizing the work and information of the process.
Observing how the methods for the organization of SW and PS are used.
Understanding the underlying values that connect leaders and individuals within a process.
Leadership
Defining methods used for leading people and groups within SW and PS.
Observing how the defined methods are used by the leaders of the process.
Understanding the principles and values that govern the leadership behavior in SW and PS. 
